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认为将是 终解决没有二氧化碳排放的能源问题的有效手段。纳米 TiO2 半导体
材料能级与水的氧化还原电位相匹配，是一种极具开发前景的光催化分解水纳米

































1. 发展了多次电化学阳极氧化法成功制备高度有序的 TiO2 纳米管阵列，实现对
纳米尺度、形貌的有效可控，提高了光电转换效率和产氢速率。结果表明，
三次氧化制备的 TiO2 纳米管阵列，相同条件下纳米管生长速度快，光电催化
活性高。三次氧化 5min 制备的 1.2μm 厚 TiO2 纳米管阵列在-0.3VSCE时产氢
速率为 420μmol·h-1·cm-2，光电转换效率 高达 80.7%。 





3. 利用光还原法在三次氧化制备的 TiO2 纳米管阵列表面负载分布均匀、尺寸为
10nm 左右 Pt 纳米颗粒。研究发现，当表面 Pt 纳米颗粒负载量约为 1.57 wt%
时，TiO2 纳米管阵列表现出优异的光电催化活性， 大光电转换效率 IPCE
提高到 87.9%，产氢速率约为 495μmol·h-1·cm-2。 
4. 首次采用水热法在 TiO2 纳米管阵列表面负载 Pd 量子点，获得 Pd 量子点分布
高度均匀、尺寸为 2.5-4nm 的 Pd@TiO2NTs 复合膜。通过控制实验参数，可实
现对 Pd 量子点尺寸和含量的可控制备，探明 Pd 纳米颗粒参数对 Pd@TiO2NTs
膜光电性能的影响。由于表面 Pd 量子点效应、有序 TiO2 纳米管阵列协同作用
及 Pd 纳米颗粒对产氢反应特异催化活性，使得 Pd@TiO2NTs 复合膜光电产氢
速率和太阳能转换效率显著提高。特别是，在三电极光电解池中，以
Pd@TiO2NTs 膜同时作为工作电极和对电极，优化条件后光量子效率(IPCE)
高达到 98.6%, 太阳能转换效率达到 14.2%，光电催化产氢速率高达
592μmol·h-1·cm-2。 


















Investigation of Construction and Modification of Advanced 
Titanium Oxide Nanotube Arrays and Photoelectrochemical 
Performance for Hydrogen Production 
Abstract 
Today the depletion of fossile resources and the serious environmental pollution 
made by the fossile combustion are the two major problems for the sustainable 
development of economy and society in the world. Hydrogen, as a clean and 
high-energy density energy carrier, is considered as an ideal fuel for the future. 
Solar-hydrogen production from water is one of the most important and promising 
green technologies to solve the above issues. Titania semiconductor nanomaterials 
with appropriate width of band gap and levels of the conduction and valence bands, is 
an ideal photocatalyst for water splitting. Compared to TiO2 nanoparticulate films, the 
highly ordered TiO2 nanotube arrays by electrochemical anodization are able to 
provide large surface area, high energy conversion abilities and good chemical 
stabilities. The photoelectrochemical cell consisting of TiO2 nanotube arrays 
photoanodes are one of the most investigated systems for photocatalytic hydrogen 
production. Through controlling the structural parameters of the nanotubes, e.g., pore 
diameter, tube length and wall thickness during the anodization process, the 
photoconversion efficiency and hydrogen evolution rate may be significantly 
improved. However, it remains crucial bottltnecks and challenge toward the higher 
photoabsorption and photoconversion efficiency in photocatalytic water splitting 
application till now, including how to improve the nanotube morphologies with 
enhanced photoelectrochemical activities, how to construct novel nanocomposite 
titania film with increased photoabsorption abilities, and how to decrease the 
recombination of the photo-generated charges by modifying the TiO2 nanotube arrays 
surface. And a further understanding of the photoelectrochemical mechanism of the 
nanostructured TiO2 film are very much needed as well. It is still a big challenge to 
construct an efficient photoelectrochemical cell for improved hydrogen generation. 
To overcome the above critical problems towards higher photoconversion 














nanostructured film and surface decoration with a significant improvement for 
photoelectrocatalytic hydrogen production. We preferred to develop facile 
electrochemical anodic oxidation to construct extremely ordered TiO2 nanotube arrays 
and novel nanocomposite TiO2 films consisting of bamboo leaf-like TiO2 on the top 
surface of the nanotubular TiO2 arrays. The relationship between the 
photoelectrochemical performance and the nanostructure of the TiO2 materials have 
been investigated. We successful decorated the TiO2 nanotube arrays with controllable 
Pt and Pd nanoparticles to decrease the recombination of the photo-generated charges, 
and to significantly enhance the photoelectrochemical activities for hydrogen 
production. The main progress and achivements of this thesis are outlined as follows: 
1. A multi-step electrochemical anodization and self-assembly method had been 
developed to fabricate the extremely ordered TiO2 nanotube arrays with 
controllable morphologies. It is found that the TiO2 nanotubes constructed by the 
third anodization show a fast growth rate and significantly enhanced  
photoelectrochemical performance under the same conditions. The hydrogen 
production rate using the thirdly-anodized TiO2 nanotube arrays with film thickness 
of about 1.2 μm was up to 420μmol·h-1·cm-2 at -0.3 VSCE, and IPCEmax value was 
about 80.7%. 
2. A novel nanocomposite TiO2 consisting of a bamboo leaf-like TiO2 on the top 
surface of nanotubular TiO2 arrays had successfully been constructed for the first 
time, by using electrochemical anodization with chemical pretreatment. The 
bamboo leaf-like top layer is able to improve the photoabsorption abilities of the 
nanocomposite film and the underside nanotubular TiO2 arrays can provide 
efficient electrons transfer path. The combination of the two titania components 
was demonstrated to significantly enhance the charge separation arising from the 
“mixed morphological effect” for photocatalytic hydrogen production. 
3. A Pt@TNTAs nanocoposite with various platinum contents were prepared through 
a facile photo-reduction method. The platinum nanoparticles with anverage size of 
10 nm dispersed uniformly on the surface of the multi-anodized TiO2 nanotube 
arrays. It is found that the Pt@TNTAs films with 1.57 wt% content showed the 
highest photoelectrochemical activities with IPCEmax value of about 87.9% and 
enhanced hydrogen production rate of about 495μmol·h-1·cm-2 














palladium quantum dots on the surface of highly ordered TiO2 nanotube arrays by 
using a facile hydrothermal method. The prepared palladium quantum dots show a 
very narrow size distribution of 2.5-4 nm and are very uniformly dispersed both 
outside and inside the TiO2 nanotubes. By adjusting the experimental parameters, 
the size and content of palladium quantum dots in the films can be easily controlled. 
Thus the further investigation about the effect of palladium quantum dots on 
photoelectrocatalytic activities was realized. The markedly enhanced 
photoconversion efficiency and photocatalytic hydrogen production of such unique 
Pd@TiO2NTs films are attribute to the strong synergy on the highly ordered 
nanotubular TiO2 support, high quantum effect of the palladium nanodots and the 
specific photocatalytic activities for hydrogen evolution from palladium quantum 
dots on the nanotubes surface. It is noteworthy that the prepared Pd@TiO2NTs both 
as photocathode and photoanode in a photoelectrochemical cell, is able to distinctly 
improve the IPCEmax to about 98.6% with hydrogen generation rate of about 
592μmol·h-1·cm-2, and the  photoconversion efficiency η has been enhanced to 
about 14.2%.  
Key words: TiO2 nanocomposite films; Electrochemical anodization; Photocatalytic 
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